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(57)Abstract: 

PURPOSE: To provide a ferritic stainless steel plate for bellows, excellent in stress corrosion cracking resistance. 
CONSTITUTION: This ferritic stainless steel plate for bellows has a composition consisting of, by weight, ≤0.02% C, 
10.0-23.0% Cr, ≤0.015% N, and Fe with inevitable impurities, further containing, if necessary, ≤1.0% Si and ≤1.0% 
Mn, further containing, if necessary, either or both of Nb in the amount ≥7times the total content of C and N and not higher 
than 0.6% and Ti in the amount ≥4times the total content of C and N and not higher than 0.6%, and further containing if 
necessary, one or ≤2 kinds among ≤2.0% Mo, ≤ 1 .0% Ni, and ≤0.8% Cu. Moreover, in this steel plate, surface 
roughness is regulated to 0.04-0.5μm by arithmetic mean roughness Ra and to 0.2-2.00μm by maximum height Rv. 
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CLAIMS 



(Claim(s)] 

[Claim 1 ] It is C at weight %. : 0.02% or less, less than [ more than Cr: 10.0 23.0% ], N : Ferritic-stainless-steel board for bellows 
to which surface roughness is characterized by 0.2-micrometer or more being 2.00 micrometers or less by arithmetic mean 
granularity Ra in the ferritic stainless steel containing 0.0 1 5% or less in 0.04-micrometer or more 0.5 micrometers or less and the 
maximum depth Rv. 

[Claim 2] It is C at weight %. : 0.02% or less, less than [ Si: 1 .0% ], less than [ Mn: 1 .0% ], Cr: Less than [ more than 10 0 23 0% 
], N : It is a Nb:C content (%) further 0.015% or less. N content (%) It is 7 or more times of the sum, and is 0.6%or less TiC 
content (%). N content (%) Are 4 or more times of the sum, and 0.6% or less of one sort or two sorts are included. In addition the 
femtic-stainless-steel board for bellows to which surface roughness is characterized by 0.2-micrometer or moreieing 2 00 
micrometers or less by arithmetic mean granularity Ra in the ferritic stainless steel which consists of an unescaplble impurity and 
Fe in 0.04-micrometer or more 0.5 micrometers or less and the maximum depth Rv. 

[Claim 3] It is C at weight %. : 0.02% or less, less than [ Si: 1 .0% ], less than [ Mn: 1 .0% ], Cr: Less than [ more than 1 0 0 23 0% 
], N : Further 0.01 5% or less Less than [ Mo:2.0% ], In the ferritic stainless steel which consists of an unescapable impurity and 
Fe, including one sort less than [ nickel: 1 .0% ] and not more than Cu:0.8%, or two sorts or more The ferritic-stainless-steel board 
for bellows with which surface roughness is characterized by being 0.2 micrometers or more 2.00 micrometers or less in 

0. 04-micrometer or more 0.5 micrometers or less and the maximum depth Rv by arithmetic mean granularity Ra 

[Claim 4] It is C at weight %. : 0.02% or less, less than [ Si: 1 .0% ], less than [ Mn: 1 .0% ], Cr: Less than [ more than 10 0 23 0% 

1, N : It is a Nb:C content (%) further 0.015% or less. N content (%) It is 7 or more times of the sum, and is 0.6%or less Ti C 
content (%). N content (%) Are 4 or more times of the sum, and 0.6% or less of one sort or two sorts are included Furthermore 
one sort less than [ Mo:2.0% ], less than [ nickel: 1 .0% ], and not more than Cu:0.8% or two sorts or more are included In 
addition, the femtic-stainless-steel board for bellows to which it is the ferritic stainless steel which consists of an unescapable 
impurity and Fe, and surface roughness is characterized by 0.2-micrometer or more being 2.00 micrometers or less by arithmetic 
mean granularity Ra in 0.04-micrometer or more 0.5 micrometers or less and the maximum depth Rv. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the ferritic stainless steel for bellows used for piping of an automobile exhaust air 

.system and gas, and a water pipe. 

[0002] 

Pescription of the Prior Art] The bellows pipe is used for the purpose of absorbing the distortion and vibration by heat as piping, 
such as a gas and a liquid. Conventionally, the copper alloy and the austenitic stainless steel have been used for this bellows. This' 
reason is because it was difficult with the metal of others [ processing / to bellows structure ]. That is, a copper alloy and an 
austenitic stainless steel have the large elongation between the colds, and it is the optimal material for the bellows which applies 
bulging fabricated by elongation. On the other hand, since ductility ran short, bulging of the metal which consists of bcc crystals, 
such as carbon steel, was not completed. 

[0003] On the other hand, depending on the corrosive solution passing through the interior, there was a fault that stress corrosion 
cracking tends to generate the bellows made from an austenitic stainless steel although manufacture is easy. In order to absorb 
distortion and vibration by bending of the mountain for heights of a pipe, and the valley for a crevice, stress surely applies [ this ] 
bellows to a part for a part for heights, and a crevice. That is, removal of stress is impossible structure and parts. Nevertheless, an 
austenitic stainless steel is the high alloy of stress corrosion crack sensitivity. For this reason, the bellows made from an austenitic 
stainless steel had the fault of being very easy to generate stress corrosion cracking. 

[0004] In order to avoid stress corrosion cracking, it is one of whether it considers as the structure where whether a low material 
of stress corrosion crack sensitivity being used and the structure, i.e., a stress load, where stress corrosion cracking cannot occur 
easily structurally do not remain. In order to reduce the stress corrosion crack sensitivity of an austenitic stainless steel, nickel 
content is made to increase and reducing Cr, N, Mo, and P is proposed as indicated by JP,49-107915,A. However, even if it used 
such steel, by the time it prevented generating of stress corrosion cracking only by the time to stress-corrosion-cracking 
generating being extended suitably, it did not result. 

[0005] On the other hand, the number of the irregularity of bellows is increased structurally, or it is making angle of bend of a 
crevice or heights small, and considers reducing the stress which distributes stress and is applied to each crevice or heights. 
However, since bellows became large or became long, this method had the fault to which cost becomes high - equipment also 
has the need of enlarging. And still, it did not cancel but the susceptibility of stress corrosion cracking has been afflicted by stress 
corrosion cracking depending on environment. 

[0006] On the other hand, this invention person etc. succeeded in manufacturing the bellows which limited the surface roughness 

of a ferritic-stainless-steel board, and canceled stress corrosion crack sensitivity as a matter of fact 

[0007] 

[Problem(s) to be Solved by the Invention] However, although it succeeded in processing of the bellows of a ferritic stainless 
steel, the fracture accident presumed to be based on the shortage of ductility of a material at the mountain portion of bellows or 
the edge of a processing part especially at the time of processing was produced in many cases, and the yield was **** very much 
compared with processing of an austenitic stainless steel. Then, in order to improve the ductility of a material, it examined by 
reducing C and N to a limit based on knowledge conventionally, and raising the ductility of a material. However, although the 
ductility by the tension test of a material improved, fracture accident did not necessarily decrease at the edge of the mountain 
portion of bellows, or a processing portion. Furthermore, although the influence by inclusion or the sludge was considered and the 
fracture fracture surface was observed in detail, it did not come to check them. 

[0008] Thus, it was surmised that the processing crack at the time of bellows processing had a cause in the shortage of ductility of 
a material and properties other than existence of inclusion and a sludge, this invention is to utilize the knowledge and offer the 
ferritic stainless steel which raises the yield productivity of bellows processing without crack generating based on having found 
out that generating of a crack related to surface irregularity. 
[0009] 

[Means for Solving the Problem] this invention person etc. admitted that the irregularity of a material originated and destruction 
occurred as causes other than the shortage of ductility, and existence of inclusion and a sludge, as a result of performing 
examination detailed about the cause of generating of the destruction generated at the time of bellows processing of a ferritic 
stainless steel. That is, stress concentrated on the portion to which board thickness is small locally with the irregularity on the 
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front face of a material, and the phenomenon which fracture generates with there [ as the starting point ] was found out. It is 
common sense for this contractor that fracture occurs from the notching section in the tension test which added notching. 
However, when compared with notching of a test piece, it newly found out that concentration of local stress occurred and the 
^regularity on a small minute front face might also serve as an origin of fracture overwhelmingly. 

[0010] Then, this invention person etc. is stopping the minute irregularity on a front face as much as possible, and tried to reduce 
the processing crack of bellows as much as possible. The hydrostatic bulge test was performed by the ferritic stainless steel to 
which arithmetic mean granularity Ra of ****** was reduced as much as possible first, and crack nature was evaluated. Bulging 
was performed until it fractured, and the examination estimated crack sensitivity from the forming height at the time of fracture. In 
an exam, a processing crack [ in / bellows processing / in the one where the forming height at the time of fracture is larger ] shall 
decrease. However, by reducing Ra, on the average, although forming height rose, in inside, what has extremely low forming 
height generated it. And when [ this ] the surface state of a material with low forming height was analyzed in detail extremely, 
compared with the material of forming height with the average value of the maximum depth Rv, the large thing became clear. 
However, the more Ra and the value of Rv were small, forming height did not become high but, the more they were also 
understood that there is a limitation. This reason is presumed for the lubrication between the metal mold which presses down a 
part for a flange to become inadequate from the surface situation of mold goods, and for elongation to concentrate at the peak of 
bulging although it is under examination wholeheartedly. 

[001 1 ] this invention is made based on the above knowledge. The 1 st invention is the ferritic stainless steel which reforms a 
surface state based on the material which has high ductility, limited the upper limit of Content C and the amount of N in order to 
secure sufficient ductility of the material itself, and limited the upper limit of Rv. That is, at wpight %, it is C. : 0.02% or less Less 
than [ more than Cr: 10.0 23.0% ], N : In the ferritic stainless steel containing 0.01 5% or less? surface roughness is the 
ferritic-stainless-steel boara for bellowacharacterized by 0.2-micrometer or morefoeing 2.00 micrometers or less by arithmetic 
meamgranularity Ra in 0.04-micrometer or mora6.5 micrometers or less and the maximum depth Rv) 

[001 2] Moreover, bellows is used in many cases with absorption and the fused salt corrosive environment of an intense vibration 
or distortion. For oscillating absorption and distorted absorption, still more sufficient ductile reservation for a material is required, 
therefore, Ti — and — or steel which added Nb is considered as the 2nd invention That is, it is C at weight %. : 0.02% or less, Si: 
Less than [ 1.0% ], less than [ Mn: 1.0% ], Cr: Less than [ more than 10.0 23.0% ], N : It adds further 0.015% or less. Are 7 or 
more times of the sum of a Nb:C content and N content, are 4 or more times of the sum of 0.6% or less, a Ti:C content, and N 
content, and 0.6% or less of one sort or two sorts are included. In addition, it is the ferritic stainless steel which consists of an 
unescapable impurity and Fe. Surf ace roughness is the fenitic-sta injess-stesl hoard for bellow s characterized by 0.2-micromete r 
- gygpre being 2.00 micrometers or less by arithmetic mean granularity Ra in 0.04-micrometer or more 0.5 micrometers or less 
and the maximum depth Rv. 

[001 3] On the other hand, the gas and liquid which pass through the interior may be applied to a corrosive high object. It is 
effective to add one sort of Mo, Cu, and nickel or two sorts or more corresponding to the corrosion-resistant level demanded for 
such a use, and such a ferritic stainless steel is considered as the 3rd invention. That is, at weight %, it is C. : 0.02% or less, Si: 
Less than [ 1.0% ], less than [ Mn:1.0% ], Cr: Less than [ more than 10.0 23.0% ], N : 0.015% or less is contained, further Less 
than [ Mo:2.0% ], One sort less than [ nickel: 1 .0% ] and not more than Cu:0.8% or two sorts or more are included. Surface 
roughness is the ferritic-stainless-steel board for bellows characterized by 0.2-micrometer or more being 2.00 micrometers or less 
by arithmetic mean granularity Ra in 0.04-micrometer or more 0.5 micrometers or less and the maximum depth Rv. 
[0014] Furthermore, to the bellows used in intense oscillating absorption and a corrosion foods environment, addition of addition 
and Mo of Ti or Nb, and nickel and Cu is effective, and considers this ferritic stainless steel as the 4th invention. That is, at weight 
%, it is C. : 0.02% or less, Si: Less than [ 1 .0% ], less than [ Mn: 1 .0% ], Cr: Less than [ more than 1 0.0 23.0% ], N : 0.015% or 
less is included. Furthermore it is 7 or more times of the sum of a Nb:C content and N content, and is 4 or more times of the sum 
of 0.6% or less, a Ti:C content, and N content, and 0.6% or less of one sort or two sorts are included, further again Less than 
Mo:2.0% ], One sort less than [ nickel: 1 .0% ] and not more than Cu:0.8% or two sorts or more are included. In addition, it is the 
ferritic stainless steel which consists of an unescapable impurity and Fe. Surface roughness is the ferritic-stainless-steel board for 
bellows characterized by 0.2-micrometer or more being 2.00 micrometers or less by arithmetic mean granularity Ra in 
0.04-micrometer or more 0.5 micrometers or less and the maximum depth Rv. 

[001 5] Next, the reason for limitation of this invention is explained. Although C dissolves to an invaded type and intensity is made 
to increase, it is the element in which ductility is reduced. So, in order [ being enough ] to carry out ductility reservation, the upper 
limit was made into 0.02% by weight %. Si is an element which degrades hot-working nature. So, the upper limit was limited 
with 1 .0% by weight %. 

[0016] Mn is an effective element in order to make S which is the detrimental impurity which lowers hot- working nature fix. 
However, processing of bellows will become difficult, if a lot of addition reduces ductility and it adds especially exceeding 1 .0%. 
Then, the addition was made into 1 .0%. Although Cr is the fundamental component of stainless steel, a lot of addition reduces 
ductility. Then, the upper limit was made into 23.0% by weight %. The minimum could be 1 0.0% in order to secure corrosion 
resistance. 

[0017] Ti and Nb are the dissolution elements of powerful C and N, and decrease Dissolution C and the amount of N. 
Consequently, ductility improves. Since the addition needed to make C and N fix completely in stoichiometry as TiC and TiN, or 
NbC and NbN, in the case of Ti, it made the minimum 4 times of the amount of content C, and the amount of content N by weight 
%, and, in Nb, made it 7 times. However, it was set up by Ti, and since it became remarkable Dissolution Ti and ductility falling 



the addition which exceeds 1 .0% exceeding 0.6% the case of Ti in Nb according to a Nb independent, the upper limit was set up 
with 1 .0% by Nb 0.6% by weight %. N has the same effect as C. So, since it had sufficient ductility for bellows processing, in N, 
the upper limit was made into 0.0 1 5% by weight %. 

[0018] Although both Mo, nickel, and Cu are effective in raising corrosion resistance, a lot of addition reduces ductility. 
Especially, in the case of Mo, 2.0%, in the case of nickel, if it adds exceeding 0.8% in 1.0% and Cu, ductility will fall, and 
processing of bellows becomes difficult. Then, it limited in Mo and, as for the case of Cu, it limited the addition with 0.8% or less 
1 .0% or less with nickel 2.0% or less. 

[00 1 9] On the other hand, the value of arithmetic mean granularity Ra and the maximum depth Rv was limited from evaluation of 
forming height from the result of a hydrostatic bulge test. If Ra and Rv are large, stress_will concentrate and fracture to the 
irregularity on a minute front face. However, even if Ra and Rv are too small, forming height decreases. This was considered 
because lubrication with metal mold fell at the time of processing of bellows. Then, 0.04-micrometeror more 0.5 micrometers or 
less and Rv were limited for Ra to processing of bellows with 0.2 micrometers or more 2.00 micrometers or less from evaluation 
of the forming height of a hydrostatic bulge test as a surface state of the steel plate which a crack does not produce 
[0020] 

[Function] this invention offers the ferritic stainless steel for bellows processing which can decrease the destruction which is easy 
to generate at the time of processing to bellows. The ferritic stainless steel of a base material becomes possible [ securing the 
difference of the path of the heights of bellows, and a crevice enough ] by limiting the content of C and N to low level. 
Furthermore, the lubrication to'a lubricating oil with the metal mold at the time of bellows processing succeeds in fabrication of 
bellows without a processing crack in the good state by setting Ra to 0.04 micrometers or more 0.5 micrometers or less, and 
setting the value of Rv to 0.2 micrometers or more 2.00 micrometers or less. Consequently, the yield improves because the 
processing crack from which minute irregularity becomes a cause decreases and the crack at the time of bellows processing 
decreases remarkably. 

[002 1] When a material component reduces 0.02% or less and the amount of content N for the amount of content C even to 
0.0 1 5% by weight % by weight %, ductility is fully secured. Moreover, still higher ductility is secured by depositing C and N as 
Ti and a Nb compound by addition of Ti and Nb, and it becomes usable as a material for bellows in the environment where 
intense oscillating absorption or absorption of distortion is required. The lower limit made Ti and Nb addition 4 times of the sum 
of the amount of content C, and the amount of content N by Ti, and made them 7 times of the sum of the amount of content C, and 
the amount of content N by Nb. A upper limit can secure the high ductility demanded by considering as 1 .0% by0.6 and Nb by 
weight % at Ti. Addition of Mo, nickel, and Cu raises the corrosion resistance of a material, and can offer the material for bellows 
used under the environment where corrosion resistance is required by those addition 
[0022] 

[Example] The bellows tubing test result of the steel plate which contains the chemical composition shown in Table 1 as A-H, 
respectively is shown with arithnrefc mean gr anularity Ra and the maximum surface depth Rv. The value of Rv was measured 
based on the test method of JISB060T. l he cut-off valuewas [ the evaluation length of measurement conditions ] 4mm in 0.8mm. 
The result of a bellows processing examination was performed by the existence of a crack. 

[0023] From Table 1 , the crack by bellows processing was not generated in No. A-E which is this invention steel This invention 
steel and comparison steel are [ 0.04 micrometeror more 0.5 micrometers or less and Rv of Ra ] 0.2 micrometers or more 2.00 
micrometers or less. However, a processing crack produces the comparison steel F and Rv is 2.00 micrometers or more. 
Moreover, in the comparison steel G which the processing crack produced similarly, Ra is smaller than 0.04 micrometers. In the 
comparison steel F, minute irregularity exists on a front face and what the crack generated because the stress at the time of 
processing concentrates on this irregularity is presumed. On the other hand, in the comparison steel G, although there is little 
irregularity with a conversely minute front face, lubrication with metal mold is presumed to be what broke because the stress 
added at the time of processing does not join the whole material but concentrates on eye an inadequate hatchet only at bellows 
heights. Moreover, although the comparison steel H has Ra and Rv in a generic claim, since the amount of content C is over 
0.02%, what the ductility insufficient shell bellows processing crack of the material itself produced is presumed 
[0024] V 
[Table 1] 
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[0025] 

[Effect of the Invention] By the invention in this application, the manufacture yield of the bellows of the ferritic stainless steel 
which was cheap and was excellent in stress-corrosion-cracking-proof nature which does not contain expensive nickel improved 
greatly. Although processing of the bellows of a ferritic stainless steel was attained, and the destruction at the time of manufacture 
occuiTed mostly and had caused the rise of a manufacturing cost conventionally compared with the austenitic stainless steel, the 
manufacture yield improves as a result of this invention, and it could be given by the advantage of nickel not being included also 
in respect of cost. The effect acquired by this becomes what also has the temporarily immense social profits which the effect that 
disclosure of the detrimental liquid and gas resulting from the crack initiation of stress corrosion cracking or fatigue breaking is 
solved, and contamination in respect of environment is lost is acquired, and do not appear in direct economic effects as well as the 
economic earnings from a industrial field. 



[Translation done.] 



5/14/03 5:03 PM 



nttp 7/WWW4 .ipai .jpo.go.jp/cgi-Din/iran_weD_cgi_ejje 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to the ferritic stainless steel for bellows used for piping of an automobile exhaust air 
system and gas, and a water pipe. 
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PRIOR ART 



Pescription of the Prior Art] The bellows pipe is used for the purpose of absorbing the distortion and vibration by heat as piping, 
such as a gas and a liquid. Conventionally, the copper alloy and the austenitic stainless steel have been used for this bellows. This' 
reason is because it was difficult with the metal of others [ processing / to bellows structure ]. That is, a copper alloy and an 
austenitic stainless steel have the large elongation between the colds, and it is the optimal material for the bellows which applies 
bulging fabricated by elongation. On the other hand, since ductility ran short, bulging of the metal which consists of bcc crystals, 
such as carbon steel, was not completed. 

[0003] On the other hand, depending on the corrosive solution passing through the interior, there was a fault that stress corrosion 
cracking tends to generate the bellows made from an austenitic stainless steel although manufacture is easy. In order to absorb 
distortion and vibration by bending of the mountain for heights of a pipe, and the valley for a crevice, stress surely applies [ this ] 
bellows to a part for a part for heights, and a crevice. That is, removal of stress is impossible structure and parts. Nevertheless, an 
austenitic stainless steel is the high alloy of stress corrosion crack sensitivity. For this reason, the bellows made from an austertitic 
stainless steel had the fault of being very easy to generate stress corrosion cracking. 

[0004] In order to avoid stress corrosion cracking, it is one of whether it considers as the structure where whether a low material 
of stress corrosion crack sensitivity being used and the structure, i.e., a stress load, where stress corrosion cracking cannot occur 
easily structurally do not remain. In order to reduce the stress corrosion crack sensitivity of an austenitic stainless steel, nickel 
content is made to increase and reducing Cr, N, Mo, and P is proposed as indicated by JP,49-107915,A. However, even if it used 
such steel, by the time it prevented generating of stress corrosion cracking only by the time to stress-corrosion-cracking 
generating being extended suitably, it did not result. 

[0005] On the other hand, the number of the irregularity of bellows is increased structurally, or it is making angle of bend of a 
crevice or heights small, and considers reducing the stress which distributes stress and is applied to each crevice or heights. 
However, since bellows became large or became long, this method had the fault to which cost becomes high - equipment also 
has the need of enlarging. And still, it did not cancel but the susceptibility of stress corrosion cracking has been afflicted by stress 
corrosion cracking depending on environment 

[0006] On the other hand, this invention person etc. succeeded in manufacturing the bellows which limited the surface roughness 
of a ferritic-stainless-steel board, and canceled stress corrosion crack sensitivity as a matter of fact. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] By the invention in this application, the manufacture yield of the bellows of the ferritic stainless steel 
which was cheap and was excellent in stress-corrosion-cracking-proof nature which does not contain expensive nickel improved 
greatly. Although processing of the bellows of a ferritic stainless steel was attained, and the destruction at the time of manufacture 
occurred mostly and had caused the rise of a manufacturing cost conventionally compared with the austenitic stainless steel, the 
manufacture yield improves as a result of this invention, and it could be given by the advantage of nickel not being included also 
in respect of cost. The effect acquired by this becomes what also has the temporarily immense social profits which the effect that 
disclosure of the detrimental liquid and gas resulting from the crack initiation of stress corrosion cracking or fatigue breaking is 
solved, and contamination in respect of environment is lost is acquired, and do not appear in direct economic effects as well as the 
economic earnings from a industrial field. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, although it succeeded in processing of the bellows of a ferritic stainless 
steel, the fracture accident presumed to be based on the shortage of ductility of a material at the mountain portion of bellows or 
the edge of a processing part especially at the time of processing was produced in many cases, and the yield was **** very much 
compared with processing of an austenitic stainless steel. Then, in order to improve the ductility of a material, it examined by 
reducing C and N to a limit based on knowledge conventionally, and raising the ductility of a material. However, although the 
ductility by the tension test of a material improved, fracture accident did not necessarily decrease at the edge of the mountain 
portion of bellows, or a processing portion. Furthermore, although the influence by inclusion or the sludge was considered and the 
fracture fracture surface was observed in detail, it did not come to check them. 

[0008] Thus, it was surmised that the processing crack at the time of bellows processing had a cause in the shortage of ductility of 
a material and properties other than existence of inclusion and a sludge, this invention is to utilize the knowledge and offer the 
ferritic stainless steel which raises the yield productivity of bellows processing without crack generating based on having found 
out that generating of a crack related to surface irregularity. fc 
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MEANS 



[Means for Solving the Problem] this invention person etc. admitted that the irregularity of a material originated and destruction 
occurred as causes other than the shortage of ductility, and existence of inclusion and a sludge, as a result of performing 
examination detailed about the cause of generating of the destruction generated at the time of bellows processing of a ferritic 
stainless steel. That is, stress concentrated on the portion to which board thickness is small locally with the irregularity on the 
front face of a material, and the phenomenon which fracture generates with there [ as the starting point ] was found out. It is 
common sense for this contractor that fracture occurs from the notching section in the tension test which added notching. 
However, when compared with notching of a test piece, it newly found out that concentration of local stress occurred and the 
irregularity on a small minute front face might also serve as an origin of fracture overwhelmingly. 

[0010] Then, this invention person etc. is stopping the minute irregularity on a front face as much as possible, and tried to reduce 
the processing crack of bellows as much as possible. The hydrostatic bulge test was performed by the ferritic stainless steel to 
which arithmetic mean granularity Ra of ****** was reduced as much as possible first, and crack nature was evaluated. Bulging 
was performed until it fractured, and the examination estimated crack sensitivity from the forming height at the time of fracture. In 
an exam, a processing crack [ in / bellows processing / in the one where the forming height at the time of fracture is larger ] shall 
decrease. However, by reducing Ra, on the average, although forming height rose, in inside, what has extremely low forming 
height generated it And when [ this ] the surface state of a material with low forming height was analyzed in detail extremely 
compared with the material of forming height with the average value of the maximum depth Rv, the large thing became clear' 
However, the more Ra and the value of Rv were small, forming height did not become high but, the more they were also 
understood that there is a limitation. This reason is presumed for the lubrication between the metal mold which presses down a 
part for a flange to become inadequate from the surface situation of mold goods, and for elongation to concentrate at the peak of 
bulging although it is under examination wholeheartedly. 

[001 1] this invention is made based on the above knowledge. The 1st invention is the ferritic stainless steel which reforms a 
surface state based on the material which has high ductility, limited the upper limit of Content C and the amount of N in order to 
secure sufficient ductility of the material itself, and limited the upper limit of Rv. That is, at weight %, it is C. : 0.02% or less Less 
than [ more than Cr:10.0 23.0% ], N : In the ferritic stainless steel containing 0.015% or less, surface roughness is the 
ferritic-stainless-steel board for bellows characterized by 0.2-micrometer or more being 2.00 micrometers or less by arithmetic 
mean granularity Ra in 0.04-micrometer or more 0.5 micrometers or less and the maximum depth Rv. 

[0012] Moreover, bellows is used in many cases with absorption and the fused salt corrosive environment of an intense vibration 
or distortion. For oscillating absorption and distorted absorption, still more sufficient ductile reservation for a material is required 
therefore, Ti - and - or steel which added Nb is considered as the 2nd invention That is, it is C at weight %. ■ 0 02% or less Si- 
Less than [ 1.0% ], less than [ Mn:l .0% ], Cr: Less than [ more than 10.0 23.0% ], N : It adds further 0.015% or less. Are 7 or 
more times of the sum of a Nb:C content and N content, are 4 or more times of the sum of 0.6% or less, a Ti:C content and N 
content, and 0.6% or less of one sort or two sorts are included. In addition, it is the ferritic stainless steel which consists of an 
unescapable impurity and Fe. Surface roughness is the ferritic-stainless-steel board for bellows characterized by 0.2-micrometer 
or more bemg 2.00 micrometers or less by arithmetic mean granularity Ra in 0.04-micrometer or more 0.5 micrometers or less 
and the maximum depth Rv. 

[00 1 3] On the other hand, the gas and liquid which pass through the interior may be applied to a corrosive high object. It is 
effective to add one sort of Mo, Cu, and nickel or two sorts or more corresponding to the corrosion-resistant level demanded for 
such a use, and such a ferritic stainless steel is considered as the 3rd invention. That is, at weight % it is C 0 02% or less Si- 
Less than [ 1 .0% ], less than [ Mn: 1 .0% ], Cr: Less than [ more than 10.0 23.0% ], N : 0.0 1 5% or less is contained further Less 
than [ Mo:2.0% ], One sort less than [ nickel: 1 .0% ] and not more than Cu:0.8% or two sorts or more are included Surface 
roughness is the femtic-stainless-steel board for bellows characterized by 0.2-micrometer or more being 2.00 micrometers or less 
by arithmetic mean granularity Ra in 0.04-micrometer or more 0.5 micrometers or less and the maximum depth Rv. 
[0014] Furthermore, to the bellows used in intense oscillating absorption and a corrosion foods environment, addition of addition 
and Mo of Ti or Nb, and nickel and Cu is effective, and considers this ferritic stainless steel as the 4th invention That is at weight 
%, it is C. : 0.02% or less, Si: Less than [ 1.0% ], less than [ Mn:1.0% ], Cr: Less than [ more than 10.0 23.0% ] N • 0 015% or 
less is included. Furthermore it is 7 or more times of the sum of a Nb:C content and N content, and is 4 or more times of the sum 
of 0.6% or less, a Ti:C content, and N content, and 0.6% or less of one sort or two sorts are included, further again Less than 
Mo:2.0% ], One sort less than [ nickel: 1 .0% ] and not more than Cu:0.8% or two sorts or more are included In addition it is the 
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ferritic stainless steel which consists of an unescapable impurity and Fe. Surface roughness is the ferritic-stainless-steel board for 
bellows characterized by 0.2-micrometer or more being 2.00 micrometers or less by arithmetic mean granularity Ra in 
0.04-micrometer or more 0.5 micrometers or less and the maximum depth Rv. 

[0015] Next, the reason for limitation of this invention is explained. Although C dissolves to an invaded type and intensity is made 
to increase, it is the element in which ductility is reduced. So, in order [ being enough ] to carry out ductility reservation, the upper 
limit was made into 0.02% by weight %. Si is an element which degrades hot-working nature. So, the upper limit was limited 
with 1 .0% by weight %. 

[0016] Mn is an effective element in order to make S which is the detrimental impurity which lowers hot- working nature fix. 
However, processing of bellows will become difficult, if a lot of addition reduces ductility and it adds especially exceeding 1 .0%. 
Then, the addition was made into 1 .0%. Although Cr is the fundamental component of stainless steel, a lot of addition reduces 
ductility. Then, the upper limit was made into 23.0% by weight %. The minimum could be 10.0% in order to secure corrosion 
resistance. 

[001 7] Ti and Nb are the dissolution elements of powerful C and N, and decrease Dissolution C and the amount of N. 
Consequently, ductility improves. Since the addition needed to make C and N fix completely in stoichiometry as TiC and TiN, or 
NbC and NbN, in the case of Ti, it made the minimum 4 times of the amount of content C, and the amount of content N by weight 
%, and, in Nb, made it 7 times. However, it was set up by Ti, and since it became remarkable Dissolution Ti and ductility falling 
the addition which exceeds 1 .0% exceeding 0.6% the case of Ti in Nb according to a Nb independent, the upper limit was set up 
with 1 .0% by Nb 0.6% by weight %. N has the same effect as C. So, since it had sufficient ductility for bellows processing, in N, 
the upper limit was made into 0.01 5% by weight %. 

[0018] Although both Mo, nickel, and Cu are effective in raising corrosion resistance, a lot of addition reduces ductility. 
Especially, in the case of Mo, 2.0%, in the case of nickel, if it adds exceeding 0.8% in 1 .0% and Cu, ductility will fall, and 
processing of bellows becomes difficult. Then, it limited in Mo and, as for the case of Cu, it limited the addition with 0.8% or less 
1 .0% or less with nickel 2.0% or less. 

[00 1 9] On the other hand, the value of arithmetic mean granularity Ra and the maximum depth Rv was limited from evaluation of 
forming height from the result of a hydrostatic bulge test. If Ra and Rv are large, stress will concentrate and fracture to the 
irregularity on a minute front face. However, even if Ra and Rv are too small, forming height decreases. This was considered 
because lubrication with metal mold fell at the time of processing of bellows. Then, 0.04-micrometeror more 0.5 micrometers or 
less and Rv were limited for Ra to processing of bellows with 0.2 micrometers or more 2.00 micrometers or less from evaluation 
of the forming height of a hydrostatic bulge test as a surface state of the steel plate which a crack does not produce. 
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OPERATION 



[Function] this invention offers the ferritic stainless steel for bellows processing which can decrease the destruction which is easy 
to generate at the time of processing to bellows. The ferritic stainless steel of a base material becomes possible [ securing the 
difference of the path of the heights of bellows, and a crevice enough ] by limiting the content of C and N to low level. 
Furthermore, the lubrication to a lubricating oil with the metal mold at the time of bellows processing succeeds in fabrication of 
bellows without a processing crack in the good state by setting Ra to 0.04 micrometers or more 0.5 micrometers or less, and 
setting the value of Rv to 0.2 micrometers or more 2.00 micrometers or less. Consequendy, the yield improves because the 
processing crack from which minute irregularity becomes a cause decreases and the crack at the time of bellows processing 
decreases remarkably. 

[0021] When a material component reduces 0.02% or less and the amount of content N for the amount of content C even to 
0.0 1 5% by weight % by weight %, ductility is fully secured. Moreover, still higher ductility is secured by depositing C and N as 
Ti and a Nb compound by addition of Ti and Nb, and it becomes usable as a material for bellows in the environment where 
intense oscillating absorption or absorption of distortion is required. The lower limit made Ti and Nb addition 4 times of the sum 
of the amount of content C, and the amount of content N by Ti, and made them 7 times of the sum of the amount of content C, and 
the amount of content N by Nb. A upper limit can secure the high ductility demanded by considering as 1 .0% by0.6 and Nb by 
weight % at Ti. Addition of Mo, nickel, and Cu raises the corrosion resistance of a material, and can offer the material for bellows 
used under the environment where corrosion resistance is required by those addition. 
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EXAMPLE 



[Example] The bellows tubing test result of the steel plate which contains the chemical composition shown in Table 1 as A-H, 
respectively is shown with arithmetic mean granularity Ra and the maximum surface depth Rv. The value of Rv was measured 
based on the test method of JISB0601 . The cut-off value was [ the evaluation length of measurement conditions ] 4mm in 0.8mm. 
The result of a bellows processing examination was performed by the existence of a crack. 

[0023] From Table 1, the crack by bellows processing was not generated in No.A-E which is this invention steel. This invention 
steel and comparison steel are [ 0.04 micrometeror more 0.5 micrometers or less and Rv of Ra ] 0.2 micrometers or more 2.00 
micrometers or less. However, a processing crack produces the comparison steel F and Rv is 2.00 micrometers or more. 
Moreover, in the comparison steel G which the processing crack produced similarly, Ra is smaller than 0.04 micrometers. In the 
comparison steel F, minute irregularity exists on a front face and what the crack generated because the stress at the time of 
processing concentrates on this irregularity is presumed. On the other hand, in the comparison steel G, although there is little 
irregularity with a conversely minute front face, lubrication with metal mold is presumed to be what broke because the stress 
added at the time of processing does not join the whole material but concentrates on eye an inadequate hatchet only at bellows 
heights. Moreover, although the comparison steel H has Ra and Rv in a generic claim, since the amount of content C is over 
0.02%, what the ductility insufficient shell bellows processing crack of the material itself produced is presumed 
r 0024] 
Table 1] 




No. 


C 


S i 


Mil 


Cr 


T i 


N 


N i 


Mo 


Nb 


Cu 


Ra 
(tfm) 


\ Rv 
)(tfm) 






A 


0.012 


0. 25 


0.33 


16. 30 


0. 37 


0.010 


0.05 








0.06 


1.26 






B 


0.010 


0. 50 


0.01 


11.05 


0.23 


0.005 










0.04 


0.24 


SJttfcL 


C 


0.005 


0. 34 


0.50 


16. 10 




0.008 










0. 24 


0.92 




D 


0. 001 


0. 11 


0.09 


17. 14 


0.18 


0.010 




1.2 




~] 


0.07 


0.40 


MtH&L 


E 


0.013 


0. 30 


0.12 


19. 15 




0.010 






0. 40 


0.60 


0.20 


0. 35 




F 


0.005 


0. 10 


0.13 


17.20 


0.23 


0.007 










\ 0.20 


! 2.10 




itntm 


G 


0.013 


0. 30 


0.15 


19. 15 


0.05 


0.015 










0.O3 


l l.OO 




H 


0. 047 


0. 44 


0.33 


18.27 




0. 003 










0.06 


' 1.22 
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PURPOSE: To provide a ferritic stainless steel plate for bellows, excellent in stress 
corrosion cracking resistance. 

CONSTITUTION: This ferritic stainless steel plate for bellows has a composition 
consisting of, by weight, ≤0.02% C, 10.0-23.0% Cr^ ≤0.015% N, and Fe with 
inevitable impurities, further containing, if necessary, ≤1.0% Si and ≤1.0% Mn, 
further containing, if necessary, either or both of Nb in the amount &ge,-7times the 
total content of C and N and not higher than 0.6% and Ti in the amount ≥4times the 
total content of C and N and not higher than 0.6%, and further containing, if 
necessary, one or ≤2 kinds among ≤2.0% Mo, ≤1.0% Ni, and &le,-0.8% Cu. 
Moreover, in this steel plate, surface roughness is regulated to 0 . 04-0 . 5μm by 
arithmetic mean roughness Ra and to 0 . 2 -2 . 00μm by maximum height Rv. 
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5 

±2. QQumVrfX'*>ZC±Z#&t±r&* ^p-X 

[ 0 0 1 _4j lie, .BM4UMM£llftMtt a CM 
Sfti^P-XKttL^tt. T i fc<5<,>l*N borate 

<r>? t%z?>i'zm£m<\<Dmit?z. rtc 

t>%m&%V. C ; 0. 02«MT. S i : 
i. OMfelT. Mn ; I. OKJgTF. Cr : 1 

0. 0(8Lb2 3. QttHT. N r 0. OISWTF* 
2r*. SfcKNb :C^«iNd«^«W>7JSJ!5Lb 10 

4B6Lht*^0. 6WF0>l«fcls<t*2a«ft 
*. Z*>lC*tc. Mo : 2. 0 WT. N i : 

1. 0^«T. Cu. O. 8^JyT<3 1«kO<t*2ia 

fctfflSRaT'O. 0 4iiDtLbO. 5MmttT*-?E* 
jESRvCO. 2«uitt±2. 0 0nm£rFC*«C£ 

[0015] » k, *jmm£BAtroi>rK9rr 
xte£*ftstf*^r'*>*o *n». ±m*mw%v 

[0016] Mali, ftH«01tt*TC«WS^^ft«i 

r«*nr*i^a-x^)jiDD*sHiBca* 0 -ecc\ « 30 

SHI. O^il/fc, CrtiXr>bAfllc>e#£# 

*M*1?2 3. Otfibfc. TBteMMMt«»fiW4 
fc*>l 0. OKtlrfc. 

[00 17] TifcJCXNbti, ttftftC. N<Z)iaS7c 

t*rtJ±T&o *J«»*T i CfccfctfT i N**^r»ttN b 
C4ScfcC;NbNil/rCitfJ:c;N*ai»ftk:3S^KBS 

CSi^WNa04iS4L. Nb<DW&7ft±Lfc. O 40 
^L. Ti0$£O. 6%«flxf. Nb<D«£l. 0 

ttTmli^^-C, ±»4fiS%XT i TTO- 6 
%. Nbf'l. 0tf±tt£l,fc o Nt*. C£BttO«Kl 

fc. 

[00 18] Mo, Ni. Ciit*<fc*fcWfttt*rtLt<* 
*. 4**cMoCD«£l*2. 0*6, NiGW^ttl. 0 50 
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*Mprti2. 0%«T. Nitttl. OWF. Cu 
[00 19]-*, #fK¥ftfflSRaiJj:Uf«AaiSR 
*6R£0fc. Ra*Rv*f*fti»&. p**fc*ffl±CD 

* < P - X® ttXCCBft#£ 0 (, >Ht£<r>SfittfS 4 
or. Ra40. 0 4nmab0. 5^mttT^Rv 
*0. 2«mW±2. OOpmUTtBtUTc. 
[0020] 

[win *#wj«c % ^p-x^aix«K:«sfet/jic*tt 

fclfc^Ui^P-XtoXffl^*^ h&X?>U 

ICC, Ra*0. 0 4pmJ£LhO. 5w 
mttTttU *»-?Rv0ff£O. 2mutt±2. 00 ji 
mWTfcir*s:£t\ ^o-XiBIP*G^*©B?Mto 

fttnMaitina < * d ~x<raj» 
n*«is«br. ^ p - xtnx«c^mt«f o < a^-r ^> 

[0 02 1 ] SffCMfflWCO. 0 2 

«KT^IiNfttl»(T'0. 0 1 Stftca-cttU 

b<fcOfNb««»*cj:»JC4Jj:^NtT i fcJitfNbffc 

(D^u-Xffl^ttibroftffl^plfifet^^ Tifcj: 
ID©4fS<i:0. NbCI«S*CS^S*Nfi0>faO7tt 

[0022] 

3Ra, A^Uffift^R viikCC^T* RvCr)|||iJ 
I S BO 6 0 1 OttK-»SU:aMlOT««Cr/c # 

fc, ^p-x»xii»(ott*iiiin<o^*rif->feo 

[0023] «l*>^, **««r-*-SNo. A^ET 
«. ^P-xmxtcJ:4t!IW*atL^-?fc. *»w 
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«*?»F«)aitm*i4.0, Rv#2, 0 0 urn 
Ra^O. 04nmJ:9']*3l». fti5WFrti. fSffl± 

*5SHG T?lii2K*ffl©f*'l "ttlHIdbli.^&t, £324©* 
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ft 

(dnfc&r-* a - xflS5K©*«*-r 4 c 4 r-SMtfc k 
**4t;fc«><D4fti£;*n*. 

[0024] 

tan 



do. 


C 


S i 


Mn 


Cr 


Ti 


N 


Ni 


Mo 


Nb 


Cu 


Ra 

ium) 


(am) 






A 


0.012 


D 25 


0 33 


16. W 




0.010 


0.0$ 








Q.W 


1.2* 


?Uftftl 




B 


0.010 


0 50 


0.01 


11.05 


0.2$ 


0.005 










0.O4 


0.24 




C 


O.0D5 


0.34 


0.90 


Ifr. 10 




0.00ft 










0.24 


O.tt 




D 


0.001 


O.lt 


0.0) 


It 14 


0. 16 


0.010 










8.07 


0. 40 




E 


0.013 


D.30 


0.12 


isjfi 




0.010 






0.40 


0.60 


0.30 


0,« 




P 


0.095 


010 


0.13 


IT. 20 


0,» 


0.007 










0.2O 


1 10 






Q 


0.013 


O.30 


0.15 


19. 15 


COS 


0.015 










0.O3 


1.00 


tun** 


H 


0.047 


0.44 


0.31 


18. 27 




0.005 










0 04 


1.22 
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